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Oil yields from the Tosco II process are high. Liquid hydrocarbon
recovery is about 99 percent of Fischer assay and total recovery of C/
and heavier hydrocarbons is about 108 percent of Fischer assay (Hen-
drickson, 1974).  The retort gas has a heating value similar to that of
Fischer assay gas, since there is no combustion in the pyrolysis drum;
most of the gas is used in the ball heater.

Field operations using a retort with a shale feed rate of about 1000
tons per day were carried out in Colorado during 1967-69 and 1971-72.

Union Oil Retorting Processes

Union Oil, active in retort research and development since the late
1940s, has three designs:  the "A" retort, in which the internal com-
bustion of the gas and residual carbon from the shale provide the heat
for the process (direct heating); the "B" design, in which the shale
is heated indirectly by a recycled stream of externally heated gas (Fig-
ure 21); and the Steam-Gas Recirculation (SGR) retort, in which the heat
carrier for the process is generated in a separate vessel by gasifying
the residual carbon with air and steam.

Union's retorts have been characterized as "continuous, underfeed,
countercurrent retorts" (Hartley, 1958).  In all three, the shale is
introduced at the base, travels upward through the retort, and is dis-
charged at the top.  The gaseous heat carrier (air, recycle gas, or syn-
gas) enters at the top and exits from the bottom.  The product oil
flows down through the moving bed of shale to a pool at the bottom of the
retort and is withdrawn from the top of that pool. Serving as a seal,
the pool prevents air from leaking into the retort and also acts as
a settling basin for the entrained fines.

A unique design feature of the Union retorts is the "rock pump" that
pushes shale up through the retort.  In an early patent (Berg, 1947), the
rock pump was mechanical, providing motion to the shale bed through a
series of gears and cams. The modern hydraulic rock pumps have large feed
cylinders that take the crushed shale from the feed chutes and pump it
into the retort.

In the "A" process, the thermal efficiency is high because sensible
heat is recovered from the oil, gas, and spent shale. The oil recovery
is about 84 percent of Fischer assay, but the product gas is a low-energy
fuel (with a heating value of about 100 Btu per standard cubic foot) due
to its dilution by combustion products.  In the early tests, the high
temperatures caused the agglomeration of the spent shale ash, requiring
the use of hollow sodium-cooled "plows" to break up the clinkers.  Better
temperature control in later designs has made the plows unnecessary.

In the "B" process, the product gas exiting from the bottom of the
retort is divided into two streams; one stream, burned in a heater with
air, is used to preheat the second stream as the latter is recycled to